[Abstract] The isolation and primary culture of cells from human endometrial biopsies provides valuable experimental material for reproductive and gynaecological research. Whole endometrial biopsies are collected from consenting women and digested with collagenase and DNase I to dissociate cells from the extracellular matrix. Cell populations are then isolated through culturing, filtering and magnetic separation using cell-surface antigen markers. Here we provide a comprehensive protocol on how to isolate and culture individual cell types from whole endometrial tissues for use in in vitro experiments.
1. Pre-prepare digestion media and pre-warm to 37 °C in a water bath.
2. Decant as much media as possible from the Bijoux vial into the lid of the Petri-dish without discarding tissue. Transfer biopsy and any remaining media into the Petri-dish ( Figure 1A ). 
Note: Do not use an aspirator or risk losing tissue.
4. Dice the tissue with the scalpel using a downward tapping motion for at least 5 min ( Figure 1C) or until large pieces have disappeared and the tissue appears pulp-like ( Figure 1D ).
5. Add 10 ml of digestion media to the Petri-dish through a 20 ml syringe and 0.2 µm syringe filter.
6. Transfer the media with the tissue fragments to a 50 ml conical tube using a 10 ml serological pipette.
7. Shake the tube for 15 sec and incubate at 37 °C for 1 h. Shake for 15 sec at 20 min intervals to aid digestion.
8. After 1 h add 10 ml of culture media to neutralize enzymatic activity and centrifuge the tube at 280 x g for 5 min at room temperature.
Note: It is at this stage that epithelial cells (HEECs) (see step C) or perivascular stem-cells (see step D) can be isolated for separate cultures.
9. After centrifugation, aspirate the supernatant, re-suspend the cell pellet in 15 ml of culture media and transfer to a 75 cm 2 culture flask.
Note: Tilt the flask gently to distribute the cell suspension evenly across the culture surface.
Avoid rotational mixing to risk concentrating cells in the center.
10. Incubate at 37 °C in a humidified 5% CO2 environment. 12. Cells will continue to proliferate ( Figure 2B ) until confluent ( Figure 2C ). Change the culture media every other day until passage (see step E) or assay.
Notes:
a. HEEC contamination ( Figure 2D) C. Separation of HEECs 1. After digestion (step B8, refer also to Figure 6 ), filter the cell solution through a 40 µm nylon mesh cell-strainer. Flow-through will contain stromal, red blood and immune cells, but endometrial gland clumps are retained in the strainer ( Figure 3A ).
2. Back-wash the filter using 20 ml of additive-free DMEM/F12 media and collect the glandular clumps in a 50 ml tube ( Figure 3B ).
3. Centrifuge at 280 x g for 5 min, room temperature.
4. Aspirate the supernatant and re-suspend the pellet in 1 ml 0.25% trypsin-EDTA to dissociate any clumps. Glandular clumps do not attach well to substrate and can be lost during media changes. This additional trypsin-dissociation step differs from previous protocols (Chen and Roan, 2015) , and increases HEEC yield by dispersing clustered cells.
5.
Incubate the tube at 37 °C for 10 min.
6. Add 9 ml of culture media and dissociate glandular clumps by vigorous pipetting up and down.
A single cell solution of HEECs should result.
7. Centrifuge at 280 x g for 5 min, room temperature.
8. Aspirate the supernatant and re-suspend and seed the HEEC as required.
Notes:
www.bio-protocol.org/e2028 2. Underlay 4 ml of Ficoll-paque to the bottom of the tube ( Figure 4A ). Ficoll-paque is a density gradient media used to separate out red blood cells. 3. Centrifuge at 770 x g for 10 min, room temperature. Red blood cells will pellet and HESCs will reside within the interphase between the 2 layers ( Figures 4C and 4D ).
Note: It is important to have two distinct layers before centrifugation (Figure 4B
www.bio-protocol.org/e2028 16. Aspirate the supernatant completely and re-suspend up to 10 7 cells in 500 µl of separation buffer.
17. Place the MACS separator on the multi-stand and place the MS column in the MACS separator ( Figure 5A ).
18. Mix the cell suspension by pipette, and apply to the column. Avoid adding air bubbles to the column.
www.bio-protocol.org/e2028 19. Collect unlabelled cells that pass through and wash MS column by addition of 500 µl separation buffer three times. Only add fresh 500 µl of buffer when the column reservoir is empty. Collect total effluent. This is the W5C5 negative fraction.
20. Remove the MS column from the separator and place it in a sterile 15 ml tube.
21. Immediately add 1 ml separation buffer into the column and flush out the magnetically labelled cells by firmly pushing the plunger into the column ( Figure 5B ). Flow-through will now contain the W5C5 positive fraction.
22. To increase purity of the magnetically labelled cells, repeat magnetic separation on positive fraction (steps D18 to D21) using a new MS column.
23. Centrifuge at 280 x g for 5 min at room temperature.
24. Aspirate the supernatant, re-suspend the cell pellet and seed as required.
Although a high level of patient-to-patient variability is observed, isolated W5C5 + cells typically constitute between 4-8% of stromal cell populations (Murakami et al., 2013) . They maintain many mesenchymal stem cell characteristics (Masuda et al., 2012) , and can be cultured and differentiated (Ulrich et al., 2014) and assessed for clonogenicity using CFU (Colony Forming Units) assay (Masuda et al., 2012; Murakami et al., 2013; as required. Figure 2C ).
2. Pre-warm culture media, sterile PBS and 0.25% trypsin-EDTA to 37 °C in the water bath.
3. Aspirate the culture media from the flask.
4. Add 10 ml of PBS, rinse the cell monolayer and aspirate. 6. Add 8 ml of culture medium into the flask to neutralize the trypsin and pipette the media repeatedly over the bottom of flask to wash any remaining cells.
7. Transfer the cell suspension to a 15 ml tube and centrifuge for 5 min at 280 x g, room temperature.
8. Re-suspend pellet in 9 ml culture media and seed 3 ml into a new 75 cm 2 culture flask containing 12 ml culture media. For maintenance of culture, cells are usually split at a ratio of 1:3, but can at this stage be seeded into plasticware suitable for desired experiments. 
